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The cross section of the process e + e~ — > was measured in the SND experiment at the 

VEPP-2M collider in the energy region 400 < a/s < 1000 MeV. This measurement was based 
. on about 12.4 x 10 6 selected collinear events, which include 7.4 x 10 6 e + e~ — > e + e~, 4.5 x 10 6 

e + e~ — > 7r + 7r~ and 0.5 x 10 B e + e~ — > p + p~ selected events. The systematic uncertainty of the cross 
section determination is 1.3 %. The p-meson parameters were determined: m p = 774.9 ± 0.4 ± 0.5 
MeV, T p = 146.5±0.8±1.5 MeV, a(p -> iv + it~) = 1220±7±16 nb as well as the parameters of the 
G-parity suppressed decay uj — > ir + ir~: a(uj — > ir + ir~) = 29.9±1.4±1.0 nb and 4> pu = 113.5±1.3±1.7 
degree. 
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PACS numbers: 13.66Bc, 13.66Jn, 13.25Jx, 12.40Vv 



I. INTRODUCTION 



> 

The cross section of the e + e — > tt + it process in the energy region-y/s < 1000 MeV can be described within the 
vector meson dominance model (VDM) framework and is determined by the transitions V — > 7r + 7r of the light vector 
mesons (V = p, uj, p' , p") into the final state. The main contribution in this energy region comes from the p — ► 7r + 7r~ 
and from the G-parity violating uj — > 7r + 7r~ transitions. Studies of the e + e~ — > tt + t{~ reaction allow us to determine 
the p and uj meson parameters and provide information on the G-parity violation mechanism. 

At low energies the e + e~ — > n + iT~ cross section gives the dominant contribution to the celebrated ratio R{s) — 
I 1 <r(e + e~ — > hadrons)/er(e + e~ — > p + p~), which is used for calculation of the dispersion integrals. For example, for 
Oh! evaluation of the electromagnetic running coupling constant at the Z-boson mass a em (s = ra 2 z ), or for determination 
of the hadronic contribution a l p \ adr to the anomalous magnetic moment of the muon, which nowadays is measured 
with very high accuracy 5x 10 -6 0,0- 

Assuming conservation of the vector current (CVC) in the isospin symmetry limit, the spectral function of the 
— * 7r ± 7r°^ r decay can be related to the isovector part of the e + e~ — > 7r+7r~ cross section. The spectral function 
was determined with high precision in Ref. 0- 0- 0] ■ The comparison of the e + e~ — > 7r+7r~ cross section with what 
follows from the spectral function provides an accurate test of the CVC hypothesis. 

The process e + e~ — > tt + it~ in the energy region y/s < 1000 MeV was studied in several experiments |ri ItIIsL IflL HoL 
[TTL IT2I fl3l ITU HM lilil Il7l fl8L ITgj during more than 30 years. In present work the results of the e + e~ — > tt + tt~ cross 
section measurement with SND detector at 390 < \fs < 980 MeV are reported. 



II. EXPERIMENT 

The SND detector operated from 1995 to 2000 at the VEPP-2M collider in the energy rangers from 360 
to 1400 MeV. The detector contains several subsystems. The tracking system includes two cylindrical drift chambers. 
The three-layer spherical electromagnetic calorimeter is based on Nal(Tl) crystals. The muon/veto system consists of 
plastic scintillation counters and two layers of streamer tubes. The calorimeter energy and angular resolutions depend 
on the photon energy as a E /E(%) = 4.2%/ f/E(GeV) and a^.g = 0.82°//E(GeV) 8 0.63°. The tracking system 
angular resolution is about 0.5° and 2° for azimuthal and polar angles respectively. 
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In 1996 - 2000 the SND detector collected data in the energy regiony^s < 980 MeV with integrated luminosity about 
10.0 pb . The beam energy was calculated from the magnetic field value in the bending magnets of the collider. 
The accuracy of the energy setting is about 0.1 MeV. The beam energy spread varies in the range from 0.06 MeV at 
y/s = 360 MeV to 0.35 MeV at^s = 970 MeV. 

III. DATA ANALYSIS 

The cross section of the e + e~ — > ir + ir~ process was measured in the following way. 

1. The collinear events e + e~ — > e + e~, 7r + 7r~, fJ> (jT were selected; 

2. The selected events were sorted into the two classes: e + e _ and 7r + 7r~, using the energy deposition in the 
calorimeter layers; 

3. The e + e _ — * e + e~ events were used for integrated luminosity determination. The events of the e + e~ — > n + \i~ 
process were subtracted according to the theoretical cross section, integrated luminosity and detection efficiency; 

4. In order to determine the cross section of the e + e~ — > 7r + 7r~ process, the number of e + e~ — > 7r + 7r _ events 
in each energy point were normalized on the integrated luminosity and divided by the detection efficiency and 
radiative correction. 

The detection efficiency was obtained from Monte Carlo (MC) simulation [2J}. The MC simulation of SND is based 
on UNIMOD 22] package. The SND geometrical model description comprises about 10000 distinct volumes and 
includes details of the SND design. The primary generated particles are tracked through the detector media taking 
into account the following effects: ionization losses, multiple scattering, bremsstrahlung of electrons and positrons, 
Compton effect and Rayleigh scattering, e + e~ pair production by photons, photo-effect, unstable particles decays, 
interaction of stopped particles, nuclear interaction of hadrons [23, |2J, |23| . After that the signals produced in each 
detector element are simulated. The electronics noise, signals pile up, the actual time and amplitude resolutions of 
the electronics channels and broken channels were taken into account during processing the Monte Carlo events to 
provide the adaptable account of variable experimental conditions. 

The MC simulation of the processes e + e~ — > e + e~, /i + /J~, 7r + 7r~ was based on the formula obtained in the Ref.prj 
|27], H^. The simulation of the process e + e~ — * e + e~ was performed with the cut 30° < 9 e ± < 150° on the polar 
angles of the final electron and positron. 

The e + e~ — * e + e~, and 7r + 7r~ events are differed by energy deposition in the calorimeter. In e + e~ — > e + e~ 

events the electrons produce the electromagnetic shower with the most probable energy losses about 0.92 of the initial 
particle energy. The distributions of the energy deposition of the electrons with the different energies are shown in 
FigH The experimental and simulated spectra are in good agreement. Virions lose their energy by ionization of 
the calorimeter material through which they pass and their energy deposition spectra are well modeled in simulation 
(Figj2j. The similar ionization losses are experienced by charged pions and this part of the charged pion energy 
deposition is well described by simulation (Fig[3J). But pions lose their energy also due to nuclear interactions which is 
not so accurately reproduced in simulation. This leads to some difference in energy deposition spectra in experiment 
and simulation for charged pions (Fig^J. 

The discrimination between electrons and pions in the SND detector is based on difference in longitudinal energy 
deposition profiles (deposition in calorimeter layers) for these particles. To use in the most complete way the correla- 
tions between energy depositions in the calorimeter layers, the corresponding separation parameter was based on the 
neural network approach |2^. For each energy point the neural network - multilayer perceptron was constructed. The 
network had input layer consisting of 7 neurons, two hidden layers with 20 neurons each and the output layer with one 
neuron. As the input data the network used the energy depositions of the particles in calorimeter layers and the polar 
angle of one of the particles. The output signal R e /^ is a number in the interval from -0.5 to 1.5. The network was 
trained by using simulated e + e~ — > tt + tt~ and e + e~ — > e + e~ events. The distribution of the discrimination parameter 
Re/ir is shown in Fig[SJ The e + e~ — > e + e~ events are located in the region R e / n > 0.5, while e + e~ — > ir + ir~, \i + [i~ 
events at R e / V < 0.5. 

A. Selection criteria 

During the experimental runs, the first-level trigger |2*oj selects events with one or more tracks in tracking system 
and with two clusters in calorimeter with the spatial angle between the clusters more than 100°. The threshold on 
energy deposition in cluster was equal to 25 MeV. The threshold on the total energy deposition in the calorimeter 
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FIG. 1: Energy deposition spectra for electrons with the energies 180, 300, 390 and 485 MeV in experiment (dots) and simulation 
(histogram) . 




100 150 200 



E (MeV) 

FIG. 2: Energy deposition spectra for the 500 MeV muons in experiment (dots) and simulation (histogram). 



4 




20 40 



E (MeV) 



FIG. 3: The spectra of the ionization losses of the pions with energy E n > 360 MeV in the first calorimeter layer. Dots - 
experiment, histogram - simulation. 
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FIG. 4: Energy deposition spectra of the pions with the energy E n 



= 300 MeV. Dots - experiment, histogram - simulation. 
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FIG. 5: The e/w discrimination parameter distribution for all collinear events in the energy region y/s from 880 to 630 MeV. 
Dots - experiment, histogram - simulation. 



was set equal to 140 MeV in the energy region yfs > 850 MeV, and to 100 MeV, or was absent at all, below 850 
MeV. During processing of the experimental data the event reconstruction is performed 20, 30] . For further analysis, 
events containing two charged particles with \z\ < 10 cm and r < 1 cm were selected. Here z is the coordinate of 
the charged particle production point along the beam axis (the longitudinal size of the interaction region depends on 
beam energy and varies from 1.5 to 2.5 cm); r is the distance between the charged particle track and the beam axis 
in the r — (j> plane. The polar angles of the charged particles were bounded by the criterion: 55° < 6 < 125° and the 
energy deposition of each of them was required to be greater than 50 MeV. The following cuts on the acollinearity 
angles in the azimuthal and polar planes were applied: \Acj)\ < 10° and |A0| < 10°. In the event sample selected under 
these conditions one has the e + e~ — > e + e~, tt + tt~ , events, cosmic muons background and a small contribution 

from the e + e _ — > 7r + 7r~7r° reaction at y/s ~ m u . The muon system veto was used for suppression of the cosmic muon 
background (veto = 0) . 



B. The background from the cosmic muons and from the e e — > ty + tt ty process. 

The number of background events from the e + e~ — * 7r + 7r~7r° process was estimated in the following way: 

N 37r (s) = a 3rr (s)e 37T (s)IL(s), (1) 

where cr 37r (s) is the cross section of the e + e~ — * 7r + 7r~7r° process with the radiative corrections taken into account, 
IL(s) is the integrated luminosity, e37r(s) is the detection probability for the background process obtained from the 
simulation under the selection criteria described above. The values of CT3 W (s) were taken from the SND measurements 
[3l|. Although 03^(771^) w 1300 nb, the e + e~ — > 3-7T process contribution to the total number of the collinear events 
at the u resonance peak is less than 0.3 %. The leading role in the suppression of this background was played by 
the cuts on the acollinearity angles A9 and A(j>. In order to check the estimation (JJJ, the events containing two and 
more photons with energy depositions more than 200 MeV were considered. The constraint on the photons energy 
deposition greatly suppresses not the e + e~ — * 3tt events, as a result of the fact that our selection criteria select the 
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FIG. 6: Two-photon invariant mass m 77 distribution at y/s ~ m, 




FIG. 7: The distribution of the z coordinate of the charged particle production point along the beam axis for collinear events 
at y/s — 180 MeV. Histogram - all events, dashed distribution - events with muon system veto (veto — 1). 
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e + e~ — > 37r events with collinear charged pions and therefore the neutral pion in this events has relatively low energy. 
In order to obtain e + e~ — * 37r events number n 37r , the invariant mass spectrum m 77 (Fig[f)|) was fitted by the sum 
of Gaussian and the second order polynomial: G(m~ n ) x + P2(m 77 ) x (n — n^). The value of agrees with 
events number calculated according to (JIJ. 

The cosmic muon background was suppressed by the muon/veto system. The z coordinate distribution for the 
charged particle production point along the beam axis is shown in Fig0for collinear events. The e + e~ annihilation 
events have the Gaussian distribution peaked at z = 0, while the cosmic background distribution is nearly uniform 
and clearly extends outside the peak. As the Fig0 shows, the muon system veto (veto = 1) separates cosmic muons 
from the e + e~ annihilation events. The residual events number of the cosmic muon background was estimated from 
the following formula: 

N ll = v»x T. (2) 

Here ~ 1.3 x 10~ 3 Hz is the frequency of cosmic background registration under the applied selection criteria, T 
is the time of data taking. The value of was obtained by using data collected in special runs without beams in 
collider. The first-level trigger counting rate in these runs was 2 Hz. The contribution of the cosmic background to 
the total number of selected collinear events depends on energy y/s and varies from 0.1 % to 1 %. 

The e + e~ — * ir + Tr~ir° events are concentrated in the i? e / w discrimination parameter region R e /„ < 0.5. The cosmic 
background events at the energies y/s > 600 also fall in the area R e / n < 0.5, because the energy deposition of the 
cosmic muons is much lower than the energy deposition in the e + e~ — * e + e~ events. For the lower center of mass 
energies the cosmic background moves to the area i? e /„- > 0.5, because in this case the energy depositions are close. 



C. Detection efficiency 



The A(j> and A8 distributions of the e + e~~ — > e + e~ and e + e~ — > tt + tt~ events are shown in Fig l8l9l 1101 and ITTI 
Experiment and simulation agree rather well. As a measure of systematic uncertainty due to AO cut the following 
value was used: 



S A6 



(3) 



where 



J A8 



2 X (\A6\ < 10 c 



/ 



i x (\A9\ < 10°) 



N X {\A9\ < 20°) ' M X (\A6\ < 20°)' 



x = TT7r(ee). 



Here n^dA^j < 10°) and 77ia;(|A0| < 10°) are the numbers of experimental and simulated events, selected under the 
condition |A0| < 10°, while N X (\A6\ < 20°) and M X (\A9\ < 20°) are the numbers of experimental and simulated 
events with |A0| < 20°. The Sag does not depend on energy, its average value is equal to 0.999 and it has systematic 
spread of 0.4 %. This systematic spread was added to the error of the cross section measurement in each energy point. 
Systematic error due to the A<f> cut is significantly lower and was neglected. 



The polar angle distributions for the 



7r + 7r processes are shown in Figll2l and 1131 The 



ratio of these 9 distributions is shown in Fig ll4l The experimental and simulated distributions arc in agreement, 
order to estimate the systematic inaccuracy due to the 9 angle selection cut the following ratio was used: 



In 



(5(55°)' 



(4) 



where 



S(d x ) = 



N^(9 X < 9 < 180° - 
N ee {9 x <9< 180°- 



< 9 < 180° - e x ) 
e x )' M ee (6 x <6<180°-6 X )> <»*< M 



), M^(8 X <9< 180° - 9 X ), M ee (8 x <9< 180' 
e + e _ event numbers in the angular range 9 X < 



Here N^{9 X <9< 180° - 9 X ), N ee (8 x <9< 180° - 
experimental and simulated e + e~ — > tt + tt~ and e + e 
The maximal difference of Sg from unity was found to be 
associated with the angular selection cut. 

In the tracking system the particle track can be lost due to reconstruction inefficiency. The probabilities to find 
the track was determined by using experimental data themselves. It was found to be e e ~ 0.996 for electrons and 



- 9 X ) are the 
< 180° -0*. 

This value was taken as a systematic error ag — 0.8% 
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FIG. 8: The Acj> distribution of the e + e — * e + e events. Dots - experiment, histogram - simulation. 
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FIG. 9: The A(j> distribution of the e + e — » n + n events. Dots - experiment, histogram - simulation. 
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FIG. 10: The A6 distribution of the e + e — * e + e events. Dots - experiment, histogram - simulation. 




AG (degree) 

FIG. 11: The A8 distribution of the e + e~ — > tt + tt~ events. Dots - experiment, histogram - simulation. 
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FIG. 12: The 6 angle distribution of the e + e — > e + e events. Dots - experiment, histogram - simulation. 
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FIG. 13: The 6 angle distribution of the e + e — > -k + tt events. Dots - experiment, histogram - simulation. 
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FIG. 14: The ratio of 8 distributions of the e + e — > tx + -k and e + e — > e + e processes. Dots - experiment, histogram - 
simulation. 



o 
in 




200 300 400 



(MeV) 



FIG. 15: The <5b>so correction coefficient associated to the pions energy deposition cut in dependence on the pion energy E^. 
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~ 0.995 for pions. In simulation these values actually do not differ from unity, while in reality the track finding 
probability for electrons is slightly greater then for pions. So the detection efficiency was multiply by the correction 
coefficient: 



2 

= 0,997 (5) 



Pions can be lost due to the nuclear interaction in the detector material before the tracking system, for example, via 
the reaction n ± N — ► ir^N with the final pion scattered at the large angle or via charge exchange reaction n ± N — > ir°N. 
As a measure of systematic inaccuracy associated to this effect the difference from unity of the following quantity was 
used: 



-LWi- — 

3N ' \ 3M 



(6) 



where N and M is the pions numbers in experiment and simulation; n and m is the pions numbers in experiment and 
simulation which had a track in the drift chamber nearest to the beam-pipe, but the corresponding track in the second 
drift chamber and associated cluster in the calorimeter were not found. The particle loss probability was divided by 
3 - the ratio of amounts of the matter between the drift chambers and before the tracking system. The deviation of 
Snucl from 1 was taken as a systematic error a nuc i = 0.2 %. 

Uncertainties in simulation of pions nuclear interactions imply that the cut on the particles energy deposition leads 
to an inaccuracy in detection efficiency of the e + e~ — ► tt + it~ process. In order to take into account this inaccuracy, 
the detection efficiency was multiplied by the correction coefficients. The correction coefficients was obtained by using 
events of the e + e~ — > 7r + 7r~7r° reaction |3(J . l3ll l32| . Pions energies in the e + e~ — > tt + tt^tt° events were determined via 
the kinematic fit. The pion energies were divided into the 10 MeV wide bins . For each bin the correction coefficient 
fFig ll5fl was obtained: 



3E>50 



nj/Nj 
m,i/ Mi 



(7) 



where i is the bin number, Ni and Mi are the pions numbers in experiment and simulation selected in the zth bin by 
the kinematic fit without any cut on the energy deposition in the calorimeter ; m and wii are the pions numbers in 
experiment and simulation under the condition that the pion energy deposition is greater than 50 MeV. To estimate 
systematic errors in determination of these correction coefficients, the ratio of the probability that both pions in 
simulated e + e~ — > tt + tt~ events have energy deposition more than 50 MeV to the quantity (m^/Mj) 2 was consider. 
This ratio is 0.994 at y/s > 420 MeV and about 0.97 at y/s < 420 MeV. The difference of this ratio from unity was 
taken as a systematic error (Je>50 of the $e>50 correction coefficient determination: (Te>50 — 0.6 % at y/s > 420 MeV 
and cr B>5 o = 3 % at yfs~ < 420 MeV. 

In the energy region y/s = 840 - 970 MeV the probability to hit the muon/veto system for muons and pions 
varies from 1% upto 93%, and from 0.5% to 3% respectively. The usage of the muon system veto for events selection 
(veto = 0) leads to inaccuracy in the measured cross section determination due to the uncertainty in the simulation of 
the muons and pions traversing through the detector at y/s > 840 MeV. In order to obtain the necessary corrections, 
the events close to the median plane <f> < 10°, 17O°0 < 190°, <f> > 350°, where the cosmic background is minimal, were 
used. The e + e~~ — ► 7r + ir~ cross section was measured with (veto = 0) and without (veto > 0) using the muon system, 
and the following correction coefficient was obtained for each energy point: 

er(e + e~ — > 7r + 7r~ ; veto > 0) . . 

"veto = , t _ 1—_ t pp: (8) 

a(e^e — > ir^ir ; veto = 0) 

It was found that 5 ve t — 0.95 at y/s — 970 MeV and quickly rises up to 1 for lower energies. 

The detection efficiencies of the processes e + e~ — > 7r + 7r~, (J. + fJ,~ and e + e~ after all applied corrections are shown 
in Fig ll6l The detection efficiency of the e + e~ — > e + e~ reaction does not depend on energy, while for e + e~ — > 
and 7r + 7r~~ processes it does. The decrease of the e + e~ — > [i + [tT process detection efficiency at y/s > 800 MeV is 
caused by the fact that the probability for muons to hit the muon system rises with energy. The detection efficiency 
of the e + e~ — > ir + ir~ process at y/s > 500 MeV is determined mainly by the cuts on the pions angles. Below 500 MeV 
the detection efficiency decreases due to the cut on the pions energy deposition in the calorimeter. The statistical 
error < 1% of the detection efficiency determination was added to the cross section measurement error in each energy 
point. The total systematic error of the detection efficiency determination a e ff — <7e>50 © o~nuci © o~e is &eff = 1 % 
at y/s > 420 MeV and cr e // = 3.1 % at y/s < 420 MeV. 



13 



0.6 - 



0.4 - 



0.2 - 



★ £ 



7171 



•• • 



ee 



j i i_ 



400 



600 



800 



Vs (MeV) 



FIG. 16: The detection efficiencies e^,r, e ee , e MAl , of the e + e — ► ir + ir , n + fj, and e + e processes. 



D. Measurement of the e e — > tt n cross section. 



The number of selected events in the regions Re/^ < 0.5 and R e / V > 0.5 are: 

N = N WW + N ee + + N„ + N 37T , 



(9) 



M = M n 



+ Mfj, 



M 3jr . 



(10) 



Here N and M are the events numbers in the regions R e u < 0.5 and R e / V > 0.5 respectively. N^, and N 37T , 
M3tt are the number of background events due to cosmic muons and the e + e~ — * ir + ir~ir° process, calculated as was 
described above. The e + e~ — * /i + fi" process events number can be written as: 



= cr w x e w x (1 - e w ) x IL, 



(11) 



Mfj,fj, — x £fj,fj, x e w x IL } 



(12) 



where is the e + e 



y process cross section obtained according to Ref.|27j, £ M/1 is the process detection 

efficiency, e MM is the probability for the e + e~ — > process events to have i? e /ir > 0-5- IL is the integrated 

luminosity: 



IL 



Me, 



& ee ^ £ ee X 6 e 



(13) 



where e ee and e ee are the detection efficiency and the probability to have R e / W > 0.5 for the process e + e~ — * e + e~, 
a ee is the process cross section with the 30° < 6 < 150° angular cut for the electron and positron in the final state. 
The cross section a ee was calculated by using BHWIDE 1.04 [33| code with accuracy 0.5 %. The e + e~ — > tt + -k~ 
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process events number with R e / n > 0.5 and the e + e 
in the following way: 



process events number with R e /„ < 0.5 can be written 



N ee = - — — x M ee = A ee X M ee , = — X = A w7r X . 



The e + e — > e + e process events number with i? e / 7r > 0.5 and the e + e — > 7r + 7r process events number with 
Re/n < 0.5 are equal to: 



Me 



M - Mjj, - A^ x (N - iV M ) 

K — A X Atttt 



-Wirir = iV — — M ee X A. 



(14) 
(15) 



Here 



A = A» 



o w x x (1 - e MAi ) + N 31T /IL 



fee x e ee x e e 



K= 1 



r MM x g w x e MM + MstJIL 

@ ee. X £"ee X dee 



The percentage of each process in the selected events in dependence on energy y/s is shown in Fig ll7l The experimental 
angular distributions agree with the sum of distributions for each process weighted according to its contribution 
(FigUBJ. 

The e + e~ — > 7r + 7r _ process cross section is calculated from the following formula: 



IL X S-ji-k X (1 Ctttt) 



x(l 



r) 



M-M, 



il — X 



-A 



(16) 



In order to estimate the systematic uncertainty due to e — n discrimination, the pseudo nn and pseudo ee events 
in the experiment and simulation were formed. The pseudo tttt events were constructed by using pions from the 
e + e~ — > 7T + 7r~7r° reaction. In order to construct the pseudo ittt event with the pions having energy Eq, two charged 
pions with energies E v such that \E — E n \ < 10 MeV were used from two separate e + e~ — > tt + tt~tt° events. Of 
course, such pseudo tttt events are in general not collinear but this is irrelevant for our purposes here. The pseudo ee 
event was constructed analogously from the particles of two separate collinear events such that their partners in these 
events have energy depositions in the calorimeter layers typical for electrons. Figll9l and 1201 show probabilities for 
the discrimination parameter to have values less than some magnitude in experiment and simulation for such pseudo 
events. Using these distributions, the corrections to the probabilities for the separation parameter R e /-K to be greater 
or less than 0.5 was obtained. The difference between cross sections measured with and without these corrections was 
taken as a systematic error and its value does not exceed 0.5 % for different energy points. 

The obtained cross sections together with the radiative corrections 6 ra d, including the initial and final state radiation, 
are presented in Table [I] The S ra d radiative correction was calculated according to Ref.[2^|. The accuracy of its 



determination is 0.2 %. Having at hand the radiative corrections the Born cross section for the e + e 
can be extracted as follows 



r(«) 



Srad(s) 



process 



(17) 



The value of 5 ra d(s) depends on the cross section at lower energies, so it was calculated iteratively. The iteration 
stops then its value changes by not more than 0.1 % in consecutive iterations. The form factor values 



ira z p a 



are also listed in Table HJ To evaluate the value of R(s) = er(e + e~ — > hadrons)/cr(e + e~ — > /i + /j~), which is used 
in dispersion integrals calculation, the bare cross section e + e~ — > tt + it~ is used (the cross section without vacuum 
polarization contribution but taking into account the final state radiation): 



o%}(8) = a (s) X |1 - n(*)| a X 



1 + -a(s) 

7T 



(18) 
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FIG. 17: The percentage of the e + e — ► e + e , 7r + 7r , /Lt /x , n + ir n and cosmic background events in dependence on energy 
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FIG. 18: The 6 angle distributions of all collinear events at y/s from 880 MeV to 630 MeV. Dots - experiment, histogram - 
simulation. 
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FIG. 19: The probability of the pseudo -kit events to have R e /ir value less than some Ro- Dots - experiment, histogram 
simulation. 
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TABLE I: The results of the e e — ► n tt cross section measurements. cT %n 
account the radiative corrections due to the initial and final state radiation 



is the e e — ► n tt cross section taking into 
Srad is the radiative correction due to the initial 



and final state radiation, ctq and l-F^I 2 are the cross section and the form factor of the e + e — > tv + tt process after the radiative 



corrections were undressed, cr^"' is the e + e — > tt + tv 
state radiation. Only uncorrelated errors are shown. 
% for y/i < 420 MeV. 

s/s (MeV) ow (nb) t 



undressed cross section without vacuum polarization but with the final 

a svs is 1.3 % for Js > 420 MeV and 3.2 



The correlated systematic error 

rad O"0 (nb) |F,r| 2 



pol 



(nb) 



970. 
958. 
950. 
940. 
920. 
880. 
840. 
820. 
810. 
800. 
794. 
790. 
786. 
785. 
784. 
783. 
782. 
781. 
780. 
778. 
774. 
770. 
764. 
760. 
750. 
720. 
690. 
660. 
630. 
600. 
580. 
560. 
550. 
540. 
530. 
520. 
510. 
500. 
480. 
470. 
450. 
440. 
430. 
410. 
390. 



118.12± 2.76 
137.16± 2.94 
150.02± 2.85 
166. 55± 2.27 
204.99± 7.14 
310. 82± 3.52 
513.80± 4.76 
676.03± 5.99 
760.19± 6.58 
856.66± 7.32 
890.86± 7.43 
892.35±17.70 
926.47± 7.84 
941. 34± 9.33 
989.76±20.12 
1060.12±11.38 
1123.55±26.83 
1158.03±10.80 
1211. 67± 9.98 
1273.38± 9.47 
1282. 06± 9.49 
1249.25± 9.26 
1247.24± 9.35 
1244.74± 9.58 
1219.07±21.50 
989.95± 6.62 
717.99± 7.78 
515.95± 5.87 
382.69± 8.35 
287.18±10.56 
255.24±14.39 
226.60±12.41 
217.52±17.51 
212.67±13.55 
200.04±22.75 
178.13±10.25 
174.28±16.65 
175.22±10.78 
165.18± 9.58 
143.94±13.21 
141.32±14.21 
116.15±15.58 
111.27±12.60 
127.38±19.11 
121.81±22.48 



1.491 
1.454 
1.430 
1.400 



340 
220 
106 
055 
032 
013 
009 
015 
031 
032 
1.025 
1.010 
0.989 
0.971 
0.957 
0.944 
0.938 
0.935 
0.932 
0.927 
0.920 
0.910 
0.915 
0.923 
0.933 
0.940 
0.945 
0.948 
0.950 
0.952 
0.953 
0.954 
0.954 
0.955 
0.955 
0.955 
0.954 
0.953 
0.952 
0.949 
0.944 



79.20± 1.85 

94.34± 2.02 

104.88± 1.99 

119.00± 1.62 

152.96± 5.33 

254.67± 2.88 

464.48± 4.30 

640.60± 5.68 

736.34± 6.37 

845.61± 7.23 

883.09± 7.37 

879.09±17.44 

898.19± 7.60 

911.99± 9.04 

966.05±19.64 

1050.08±11.27 

1136.34±27.14 

1192.83±11.12 

1266.56±10.43 

1349.27±10.03 

1366.85±10.12 

1336.51± 9.91 

1338.62±10.04 

1342.60±10.33 

1325.56±23.38 

1087.59± 7.27 

784.79± 8.50 

558.83± 6.36 

410.32± 8.95 

305.50±11.23 

270.24±15.24 

239.01±13.09 

228.99±18.43 

223.47±14.24 

210.00±23.88 

186.73±10.75 

182.60±17.45 

183.52±11.29 

172.90±10.03 

150.71±13.83 

148.10±14.89 

121.86±16.35 

116.86±13.23 

134.23±20.14 

128.98±23.80 



3.91± 0.09 
4.56± 0.10 
4.99± 0.09 
5.56± 0.08 
6.89± 0.24 
10.65± 0.12 
17.99± 0.17 
23.86± 0.21 
26.90± 0.23 
30.28± 0.26 
31.25± 0.26 
30.86± 0.61 
31.28± 0.26 
31.70± 0.31 
33.51± 0.68 
36.35± 0.39 
39.26± 0.94 
41.13± 0.38 
43.59± 0.36 
46.25± 0.34 
46.48± 0.34 
45.08± 0.33 
44.61± 0.33 
44.39± 0.34 
42.95± 0.76 
33.15± 0.22 
22.50± 0.24 
15.07± 0.17 
10.41± 0.23 
7.30± 0.27 
6.22± 0.35 
5.30± 0.29 
4.99± 0.40 
4.78± 0.30 
4.42± 0.50 
3.87± 0.22 
3.73± 0.36 
3.70± 0.23 
3.41± 0.20 
2.94± 0.27 
2.86± 0.29 
2.35± 0.32 
2.26± 0.26 
2.64± 0.40 
2.65± 0.49 



77.53± 1.81 
92.16± 1.97 
102. 35± 1.94 
116. 01± 1.58 
148. 60± 5.18 
245. 94± 2.78 
446. 64± 4.13 
614.57± 5.45 
704.79± 6.10 
807.33± 6.90 
838.38± 7.00 
829.16± 16.45 
842. 92± 7.13 
858.12± 8.51 
915. 22± 18.61 
1005.99± 10.80 
1102. 62± 26.33 
1169.48± 10.90 
1252.62± 10.32 
1343.80± 9.99 
1361.99± 10.08 
1330.42± 9.86 
1331.35± 9.99 
1335.30± 10.27 
1321. 82± 23.31 
1091.88± 7.30 
789.95± 8.56 
561. 19± 6.39 
411. 22± 8.97 
305. 61± 11.23 
269.85± 
238.63± 
228.29± 
222. 82± 
209.43± 23.82 
186.26± 10.72 
181. 82± 17.38 
182. 77± 11.24 
172.29± 9.99 
150.22± 13.78 
147.42± 14.82 
121. 34± 16.28 
116.41± 13.18 
133.84± 20.08 
128.76± 23.76 



15.22 
13.07 
18.37 
14.20 



where I I(s) is the polarization operator calculated according to the Ref. |27j from the known e + e — > hadrons cross 
section [34(. The last factor takes into account the final state radiation, and a(s) has the form |35| 



a(s) 



1 + /3 2 



4Lk 



1-/9 
1 + 



A -l—JL^-SJn-l-fa} 



1 + /3 



1 + 13 1-/3 
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TABLE II: Various contributions to the systematic error of the e+e — > 7t+tt cross section determination. a sys is the total 
systematic error, <J e ff = ctb>50 © o-„ uc i © ag is the systematic inaccuracy of the detection efficiency determination. 

Error Contribution at^s > 420 MeV Contribution at-y/i < 420 MeV 





0.6 % 


3.0 % 




0.2 % 


0.2 % 


ere 


0.8 % 


0.8 % 




1.0 % 


3.1 % 


O sep 


0.5 % 


0.5 % 


&IL 


0.5 % 


0.5 % 


&rad 


0.2 % 


0.2 % 


O sys 


1.3 % 


3.2 % 



4 1 
-3 In- -r-AlnP+—r 

1 - /3 2 /3 3 



Here 



-(l + /3 2 ) 2 -2 



,1 + 31 + /3 2 

xln R + 2 — 



Li 2 (x) = -J dt\a(l - t)/t. 
o 

The values of ct£° z (s) are listed in Table UJ 

The total systematic error of the cross section determination is: 



T eff 



til © Trad- 



Here (Jeff is the systematic error of the detection efficiency determination, a sep is the systematic error associated 
with the e — 7r separation, an, is the systematic error of the integrated luminosity determination, and a ra d is the 
uncertainty of the radiative correction calculation. The magnitudes of various contributions to the total systematic 
error are shown in Table ITU The total systematic error of the cross section determinations is a sys — 1.3 % at y/s > 420 
MeV and a sys = 3.2 % at s/s < 420 MeV. 



IV. THE e+e -> tt+tt CROSS SECTION ANALYSIS 



A. Theoretical framework 



In the framework of the vector meson dominance model, the cross section of the e+e — > tt+tt process is 



+KC? 

OW(s) = — JJ^-Pt:7t{s)\A 7t ^(s)\ 2 



Here P WT (s) is the phase space factor: 



fWO) = g£0), q K (s) = -\Js - Ami. 



Amplitudes of the 7* — > 7r + 7r transition have the form 

|4nr(*)| 2 = 

where 



2a 



V—p.,u),p',p h 



D v {s) y/&(jn v ) 



D v (s) = m 2 v -s- iyfsT v {s), T v {s) = J2 T ( V ^ /> s )- 

/ 



(19) 



(20) 



19 



Here / denotes the final state of the V vector meson decay, my is the vector meson mass, IV = IV (my). The 
following forms of the energy dependence of the vector mesons total widths were used: 



p / s ml ql{s) r + 

r w (s) = =7 TT^BiuJ -> TT^TT ) 



9^7 ("O 



W p7r (a) 
W plT {m w ) 



T u B(w -> 3tt) 



T V{S = 3-: -IV (K = p,p,/)) 

Here q ni = (s — m^)/2y/~s, W pn (a) is the phase space factor for the pi: — ► 7r + 7r~7r° final state [3(], I^H |32- In the 
energy dependence of the p, p', p" mesons widths only the V — > 7r + 7r~ decays were taken into account. Such approach 
is justified in the energy region y/s < 1000 MeV. Nowadays the p',p" decays are rather poorly known and therefore 
the same approximation was used also for the fitting of the data above 1000 MeV. The w-meson mass and width were 
taken from the SND measurements: m w = 782.79 MeV, T w = 8.68 MeV fSj. 
The relative decay probabilities were calculated as follows 



s aiV -> X) , s v-^ , v s V2-kB(V e + e~)B(V -> X) 
B{V^X)= a{V) =Y,°{V ^ X), a{V^X) = ^ 



a(V) 



x 



nit 



In the analy sis p resented here we have used a(us — > ir°j) = 155.8 nb, a{oj — > 3it) = 1615 nb obtained in the SND 
experiments |3lll36| . 

The parameter 4> p y is the relative interference phase between the vector mesons V and p, so 4> pp — 0. The phases 
4> p v can deviate from 180° or 0°, and their values can be energy dependent due to mixing between vector mesons. The 
phases <j) pp i and 4> pp " were fixed at 180° and 0°, because these values are consistent with the existing experimental 
data for the e + e~ — > 7r + 7r~ reaction. 

Taking into account the p — lo mixing, the u) — ► 7r + 7r~ and p — ► 7r + 7r~ transition amplitudes can be written in the 
following way jS^, 



A 



.4 



p— »"7r~ , ~7r~ 



(o) (o) 
D P (s) 



(o) 
9ip 



(0)„(0) 

D u (s) 



e(s) 



o (0) 



Jo) 

Qpir-K 



(21) 



where 



e(s) = 



-n 



D u (a)-D p (a) 



3m y ryB(V^ e+e") 
47ra 



1/2 



67rm y r y S(V -> Tr+Tr") 
g3(my) 



-,1/2 



The superscript (0) denotes the coupling constants of the bare, unmixed state. H puj is the polarization operator of 
the p — to mixing: 



U pui {s) = Re(U pu] (s)) + i Im(n pw (s)). 



(22) 



The Im(n pw (s)) can be written as 



Im(n pw (s)) = \fs 



(°) C°) 3/ \ «W «3 f t U n (°' n (0) «3 (*\ 



(23) 



where 



= 



3I>5(V -> P 7 ) 



9p 7 (™v) 



1/2 



We neglected the contributions to Im(n pu; (s)) due to VP intermediate state (V = lj,p,P = 7r, 77). The Re(n ptlJ (s)) 
can be represented as 



Re(n pw ( s )) = Re(m») + Re(n' (a)), 



(24) 



where 



Re(nj») 



A (0) (0) 



(25) 
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represents the one-photon contribution to the Re(n pii ,(s)). Let us assume that the energy dependence of the 
Hc(Tl puJ (s)) is negligible, then it can be expressed by using the measured branching ratio 



B(UJ -> 7T+7T-) 



r p (m w ) 



(0) 2 



(o) 

QpTTTT 



(26) 



as follows 



4tto (C V 0) o w 

^g^7 + g^r (m 2_ m 2 ) + 



JO) 



\J r p (mj 

Equation (|2"TJ) can be rewritten as follows 



r (Q) (o) 3 f m ^ + (°) (°) 3 f m \ Jo) 

g p-nn 



(27) 



.4 



■JJ — 7T I" 7T 



:> I ^ Fym^ > y'myffty — > tt+tt ) /v wjr (s) 



2a 



D v (s) 



\fqjjnv)' 



(28) 



where 



/VTTTr(s) — 



and 



(o) 

fpTt^{s) = 1 7j=jj£(s)j '"wttttCs) = e(s) 

5tp 



o (0) 



The theoretical value of the phase <^ paJ can be calculated from the above given expressions: pw = arg(/ W7rw (m a) )) — 
arg(/ p7rw (m p )) ~ 101°. The phase § puj almost does not depend on energy. In this calculation we assumed that the 



u> — > 7T + 7r transition proceeds only via the p — ui mixing, that is g^-l-K — 0. In order to determine the g p J-n, g^ v and 
gypj coupling constants, the corresponding measured decay widths were used. 



B. Fit to the experimental data 

The p' and p" parameters were determined from the fit to the e + e~ — > ir + n~ cross section measured at the energy 
region y/s < 2400 MeV by OLYA and DM2 detectors |l7j,|39|, together with the isovector part of the e + e~ — > ir + ir~ 
cross section calculated by assuming the CVC hypothesis from the spectral function of the r~ — > tv~tv°i> t decay 
measured by CLEO II |5|: 



„ ( m \ = l^gCr^TrTrV) m« 1 1 1_JV^ 

tt( ' " rm B(t -» ev e v T ) 12v\V ud \ 2 Sew m,(m? - m\f{w? r + 2m?) N Am,' 



where m, is the central value of the 7r~7r° pair invariant mass for the i-th bin, Am; is the bin width, A/j is the number 
of entries in the i-th bin, N is the total number of entries, \V u d\ is the CKM matrix element, Sew — 1-0194 is the 
radiative correction 0, 0, |4jj ■ 

The obtained p' and p" parameters were used in the fitting to the SND data fTable lTTTl Fig l21() . The free parameters 
of the fit were m p , T p , a(p — ► tt + tt~), a(u> — ► tt + tt~), 4> puj and o(p' — > 7r + 7r~). The first fit was performed with 
a(p" — > 7r + 7r _ ), p' and p" masses and widths fixed at the values obtained from the fit to the CLEO II and DM2 data. 
The second and third fits were done without the p" meson. The p' mass and width were fixed by using results of the 
fit to the CLEO II and DM2 data (the second variant in the Table ITTT|) and to the OLYA data (the third variant in 
the Table ^Qj. The values of the p and ui parameters exhibit a rather weak model dependence. 
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400 600 800 

Vs (MeV) 

FIG. 21: The e + e~ —> -k + tt~ cross section. Stars are the SND data obtained in this work, curve is the fit result. 
TABLE III: Fit results. The column number N corresponds to the different variants of choice of the p' and p" parameters. 



N 




1 


2 


3 


m p ,MeV 




774.9±0.4 


774.9±0.4 


774.9±0.4 


r p ,MeV 




146.2±0.8 


146.4±0.8 


146.3±0.8 


<j(p — > -K + 1I~] 


, nb 


1222±7 


1218±7 


1219±7 


a{u> — > 7T + 7T~ 


),nb 


30.2±1.4 


30.3±1.4 


30.3±1.4 


(f> pbJ , degree 




113.6±1.3 


113.4±1.3 


113.5±1.3 


m p ,, MeV 




1403 


1403 


1360 


I>, MeV 




455 


455 


430 


a(p' — > 7T + 7T~ 


),nb 


3.8±0.3 


1.8±0.2 


1.9±0.2 


m p », MeV 




1756 






T p » , MeV 




245 






<j(p" — > TT + TV" 


■), nb 1.7 






X 2 /N df 




50.2/39 


48.8/39 


49.4/39 



V. DISCUSSION. 

The comparison of the e + e~ — * n + Tr~ cross section obtained in SND experiment with other results |sl IsL IrH [LsL Il9j 
is shown in Fig l22l2^l24l and|231 In the energy region y/s < 600 MeV all experimental data are in agreement (Figl22|l. 
Above 600 MeV the OSPK(ORSAY-ACO)[| and DM1 [| points lay about 10 % lower than the SND ones (Fig|%ty. 
The SND cross section exceeds the OLYA and CMD measurements [3 by 6 ± 1 % in this energy region fFig!24[l. 
The systematic error of OLYA measurement is 4 % and the OLYA data agree with the SND result. The systematic 
uncertainty of CMD result is 2 %, so the difference between the SND and CMD results is about 2.5 of joint systematic 
error. At the same time the SND and CMD data below 600 MeV agree well fFig l22(l . The average deviation between 
CMD2 0| and SND data is 1.4 ± 0.5 %, the systematic inaccuracies of these measurements are 0.6 % and 1.3 
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FIG. 22: The ratio of the e + e~~ — > tt + -k~ cross section obtained in different experiments to the fit curve fFie l2f H . The shaded 
area shows the systematic error of the SND measurements. The SND (this work), CMD, OLYA and DM1 p. Il7| results are 
presented. 




FIG. 23: The ratio of the e + e — ■> -k + ty cross section obtained in different experiments to the fit curve (FigE). The shaded 
area shows the systematic error of the SND measurements. The SND (this work), DM1, OSPK [3,13 results are presented. 
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FIG. 24: The ratio of the e + e — > tt + tv cross section obtained in different experiments to the fit curve 

(FiglHJ. The shaded 

area shows the systematic error of the SND measurements. The SND (this work), OLYA and CMD 17] results are presented. 
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FIG. 25: The ratio of the e + e~ — > tt + it~ cross section obtained in different experiments to the fit curve (Fig |2H . The shaded 
area shows the systematic error of the SND measurements. The SND (this work), CMD2 and KLOE results are 

presented. 
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% respectively. In the KLOE experiment at 0-factory DAF<E>NE the form factor |F,r(s)| 2 was measured by using 
"radiative return" method with systematic error of 0.9 % H3. In Ref.[I3 the bare for m factor is listed. So in order 
to compare the KLOE result with the SND one, the form factor was appropriately dressed by us. The results of 
this comparison are shown in Fiel25l The KLOE measurement is in conflict with the SND result as well as with the 
CMD2 one. 

The p-meson parameters m p , T p , a(p — > ir + n~) were determined from study of the e + e~ — > tt + tt~ cross section. 
The p meson mass and width were found to be 

m p = 774.9 ± 0.04 ± 0.05 MeV, 



T p = 146.5 ± 0.8 ± 1.5 MeV. 

The systematic errors is related to the accuracy of the collider energy determination, to the model uncertainty and 
to the error of the cross section determination. The p-meson parameters were studied in other e + e~ experiments by 
using the processes e + e~ — ► ir + it~ 0,0, e + e~ — > pn — ► 7r + 7r~7r° [12,01 and the t~ — > -k~it q v t decay 0,I3- The 
SND results are in agreement with these measurements as is shown in Fiel26l and 1271 
The parameter a(p — > 7r + 7r~) was found to be 

a(p -> -K+TT-) = 1220 ± 7 ± 16 nb, 

which corresponds to 

B(p -> e+e - ) x B(p -> tt+tO = (4.991 ± 0.028 ± 0.066) x lO" 5 , 



r(p-> e+e~) = 7.31 ±0.021 ±0.11 keV. 

The systematic error includes the systematic uncertainties in the cross section measurement and the model dependence. 
A comparison of the T(p — > e + e~) obtained in this work with other experimental results 0, ^3 E3 and with the 
PDG world average 0| * s shown in Fig^HI The SND result exceeds all previous measurements. It differs by about 
1.5 standard deviations from the CMD2 measurement and by 2 standard deviations from the PDG world average 
|42|. The difference of the p- meson leptonic widths obtained by SND and CMD2 should be attributed mainly to 
the difference in the total widths of the p-meson rather then to the difference in the cross section values. The value 
a(p — * 7r + 7r~) = 1198 nb, which can be obtained by using CMD2 cross section data reported in Ref . [l8| . agrees with 
the SND result within the measurements errors. 
The parameter a(u> — » 7r + 7r~) was found to be 



which corresponds to 



<t(lo -> 7T+7T-) = 29.9 ± 1.2 ± 1.0 nb, 



B(lo -> e+e") x B(cu -> tt+tt") = (1.247 ± 0.062 ± 0.042) x 10" 



The systematic error is related to the model dependence, to the error of the cross section determination and to the 
accuracy of the collider energy determination. In the previous studies of the e + e _ — ► 7r + 7r~ reaction the relative 
probability of the lo — > tt + tt~ decay was also reported. The comparison of B(u> — > 7r + 7r _ ) = 0.0175 ± 0.0011 obtained 
by using the SND data and the PDG value of the u> — > e + e~ decay width [43] with the results of other experiments 
is shown in Fig^S] The SND result is the most precise. 
The phase 4> pu was found to be 



113.5 ± 1.3 ± 1.7 degree. 



This value differs by 6 standard deviations from 101° expected under assumption that the u 
proceeds through the p - 
of the fit it follows that 



proceeds through the p — lu mixing mechanism. If instead of the phase 4> pU i, the ratio g^nn/ gp°Jn is the free parameter 



(o) 

^ = 0.11 ±0.01. 

Op-Kir 



This ratio corresponds to the too large direct transition width r(°)(w — > 7t + tt ) = 1.82 ± 0.33 MeV, while the natural 
expectation is T^(lu — > 7r+7r~) w a 2 T p w 8 keV. Let us note, that the analysis of the OLYA and CMD2 data [13,113 
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FIG. 26: The p-meson mass m„ measured in this work (SND-05) and in Ref.0, S [Hill El 0. The shaded area shows the 
average of the previous results. 




FIG. 27: The p meson width T p measured in this work (SND-05) and in Ref . 0, H EHH EH El 

The shaded area shows the 

average of the previous results. 
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FIG. 28: The value of F(p 
average value |4^|. 



obtained in this work (SND-05) and in Ref . @, dEl 

The shaded area shows the world 
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FIG. 29: The value of B(oj 
world average value |42T |. 



obtained in this work (SND-05) and in Ref . |1 H HI list . The shaded area shows the 
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FIG. 30: The nix scattering phase in the P-wave. Dots and circles are results of the phase measurements in Ref. |43l l44| by 
using the reaction ttN — > nnN . The curve is the phase of the amplitude Ap^^^ + A p _ t7T + 7T - obtained from the fit to the SND 
data presented in this work. 
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FIG. 31: The ratio of the e + e~ — > 7r + 7r~ cross section calculated from the t~ — » Tr~ir°Li T decay spectral function measured 
in Ref.^l, |3 to the isovector part of the e + e~ — > tt + tv~ cross section measured in this work The shaded area shows the joint 
systematic error. 
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give the similar values of the (p pu , phase. This result can point out that the considerable direct transition u — > tt + tt~ 
exists. On the other hand this discrepancy can be attributed also to inadequacies of the applied theoretical model. 

The comparison of the phase arg(A p ^ 7r + 7r - + A p i^ n + n -) with the hit scattering phase in the P-wave 0, E| is 
shown in Fig l30l These phases must be equal in the purely elastic scattering region. The agreement is satisfactory, 
in any case in the energy region yfs ~ m p no essential difference is observed. 

The comparison of the e + e~ — > tt + it~ cross section, obtained under the CVC hypothesis from the r spectral 
function of the t~ — > 7r~7r°^ r decay 0,0 with isovector part of the cross section measured in this work is shown in 
Fig l31l The cross section obtained by SND was undressed from the vacuum polarization and the contribution from 
the uj — > 7T + 7r~ decay was excluded. The cross section calculated from the r spectral function was multiplied by the 
coefficient which takes into account the difference of the 7r ± and tt° masses: 

x ( Qn(s) \ \A v+w -(s)\ 2 1 r 2 X2MV2 

\q„±[a)J \A^o n ±(s)\ 2 2Vs L 

The average deviation of the SND and r data is about 1.5 %. For almost all energy points this deviation is within the 
joint systematic error ~ 1.6%. The 10% difference between e + e~ and r data at yfs > 800 MeV, which was claimed 
in Ref.0], * s absent. 

Using the cr^(s) cross section (Table [|J, the contribution to the anomalous magnetic moment of the muon, due to 
the 7r + 7r" (7) intermediate state in the vacuum polarization, was calculated via the dispersion integral: 

aAI (7T7r,390MeV<^< 970MeV) = {^^) f™' ^f^ ds, 

where s max — 970 MeV, s min — 390Af eV, K(s) is the known kernel and 

rr po1 Aim 2 



cr(e+e — > ) 3s 

The integral was evaluated by using the trapezoidal rule. To take into account the numerical integration errors, 
the correction method suggested in Ref.^(| was applied. As a result we obtained 



a^nn, 390MeV < 970MeV) = (488.7 ± 2.6 ± 6.6) x 10 



-10 



This is about 70 % of the total hadronic contribution to the anomalous magnetic moment of the muon (q — 2)/2. 

If the integration is performed for the energy region corresponding to the CMD2 measurements |l8j . then the 
result is a^^n) = (385.6 ± 5.2) x 10~ 10 , which is 1.8 % (1 standard deviation) higher than the CMD2 result: 
a^Tnr) = (378, 6 ±3.5) x 10~ 10 . So no considerable difference between the SND and CMD2 results is observed. 



VI. CONCLUSION 



The cross section of the process e + e — > tt + ti was measured in the SND experiment at the VEPP-2M collider 
in the energy region 390 < y/s < 980 MeV with accuracy 1.3 % at y/s > 420 MeV and 3.4 % at y/s < 420 
MeV. The measured cross section was analyzed in the framework of the generalized vector meson dominance model. 
The following p-meson parameters were obtained: m p = 774.9 ± 0.4 ± 0.5 MeV, T p = 146.5 ± 0.8 ± 1.5 MeV and 
a(p — > 7r + 7r _ ) = 1220 ± 7 ± 16 nb. The parameters of the G-parity suppressed process e + e~ — > uj — > tt + it~ 
were measured with high precision. The measured value a(u> — > tt + tt~) = 29.9 ± 1.4 ± 1.0 nb corresponds to the 
relative probability B(u> —> iy + tt~) = 1.75 ± 0.11%. The relative interference phase between the p and u> mesons 
was found to be (f> puJ — 113.5 ± 1.3 ± 1.7 degree. This result is in conflict with the naive expectation from the 
p — lo mixing 4> pu = 101°. The SND result agrees with the cross section calculated from the r spectral function 
data within the accuracy of the measurements. Using measured cross section, the contribution to the anomalous 
magnetic moment of the muon due to the 7r + 71-^(7) intermediate state in the vacuum polarization was calculated: 
a p (TTTT, 390MeV <y/s < 970MeV) = (488.7 ± 2.6 ± 6.6) x lO" 10 . 
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